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3HUVRQ $WWULEXWH 6HDUFK )RU /DUJH$UHD 9LGHR
6XUYHLOODQFH
-DVRQ 7KRUQWRQ -HDQHWWH %DUDQ*DOH 'DQLHO %XWOHU 0LFKDHO &KDQ +HDWKHU =ZDKOHQ
0,7 /LQFROQ /DERUDWRU\  :RRG 6W /H[LQJWRQ 0D 
$EVWUDFW²7KLV SDSHU GHVFULEHV QRYHO YLGHR DQDO\WLFV WHFKQRO
RJ\ ZKLFK DOORZV DQ RSHUDWRU WR VHDUFK WKURXJK ODUJH YROXPHV RI
VXUYHLOODQFH YLGHR GDWD WR ILQG SHUVRQV WKDW PDWFK D SDUWLFXODU
DWWULEXWH SURILOH 6LQFH WKH SURSRVHG WHFKQLTXH LV JHDUHG IRU
VXUYHLOODQFH RI ODUJH DUHDV WKLV SURILOH FRQVLVWV RI DWWULEXWHV WKDW
DUH REVHUYDEOH DW D GLVWDQFH LQFOXGLQJ FORWKLQJ LQIRUPDWLRQ
KDLU FRORU JHQGHU HWF UDWKHU WKDQ LGHQWLI\LQJ LQIRUPDWLRQ DW
WKH IDFH OHYHO 7KH SXUSRVH RI WKLV WRRO LV WR DOORZ VHFXULW\
VWDII RU LQYHVWLJDWRUV WR TXLFNO\ ORFDWH D SHUVRQRILQWHUHVW LQ
UHDO WLPH HJ EDVHG RQ ZLWQHVV GHVFULSWLRQV RU WR VSHHG XS
WKH SURFHVV RI YLGHREDVHG IRUHQVLF LQYHVWLJDWLRQV 7KH SURSRVHG
DOJRULWKP FRQVLVWV RI WZR PDLQ FRPSRQHQWV D WHFKQLTXH IRU
GHWHFWLQJ LQGLYLGXDO PRYLQJ SHUVRQV LQ ODUJH DQG SRWHQWLDOO\
FURZGHG VFHQHV DQG DQ DOJRULWKP IRU VFRULQJ KRZ ZHOO HDFK
GHWHFWLRQ PDWFKHV D JLYHQ DWWULEXWH SURILOH EDVHG RQ D JHQHUDWLYH
SUREDELOLVWLF PRGHO 7KH V\VWHP GHVFULEHG LQ WKLV SDSHU KDV
EHHQ LPSOHPHQWHG DV D SURRIRIFRQFHSW LQWHUDFWLYH VRIWZDUH
WRRO DQG KDV EHHQ DSSOLHG WR GLIIHUHQW WHVW YLGHR GDWDVHWV
LQFOXGLQJ FROOHFWLRQV LQ DQ DLUSRUW WHUPLQDO DQG FROOHFWLRQV LQ DQ
RXWGRRU HQYLURQPHQW IRU ODZ HQIRUFHPHQW PRQLWRULQJ 7KLV SDSHU
GLVFXVVHV SHUIRUPDQFH VWDWLVWLFV PHDVXUHG RQ WKHVH GDWDVHWV DV
ZHOO DV NH\ DOJRULWKPLF FKDOOHQJHV DQG XVHIXO H[WHQVLRQV RI WKLV
ZRUN EDVHG RQ HQGXVHU IHHGEDFN
, ,1752'8&7,21
'ULYHQ E\ UHFHQW DGYDQFHV LQ GLJLWDO YLGHR FDPHUD GHVLJQ
YLGHR PDQDJHPHQW V\VWHPV DQG HIILFLHQW DUFKLYLQJ VHFXULW\ DW
ODUJH SXEOLFO\ DFFHVVLEOH IDFLOLWLHV DQG XUEDQ VLWHV LQFUHDVLQJO\
GHSOR\ FRPSUHKHQVLYH YLGHR VXUYHLOODQFH V\VWHPV >@ 6XFK
V\VWHPV VXSSRUW ERWK WKH DELOLW\ WR PRQLWRU ZLGH DUHDV LQ
UHDO WLPH DQG WKH DELOLW\ WR FRQGXFW IRUHQVLF UHYLHZV DIWHU
DQ LQFLGHQW RU D WLS 0RVW DQDO\VLV RI VXUYHLOODQFH YLGHR IRU
VHFXULW\ SXUSRVHV UHTXLUHV WKH RSHUDWRUV RU LQYHVWLJDWRUV WR
VHDUFK IRU SDUWLFXODU W\SHV RI YLGHR FRQWHQW HJ VSHFLILF
DFWLRQV RU EHKDYLRUV RU YHKLFOHV REMHFWV RU SHUVRQVILWWLQJ
D JLYHQ GHVFULSWLRQ :KLOH WKH IXOO\ DWWHQWLYH KXPDQ YLVXDO
V\VWHP LV YHU\ DGHSW DW LQWHUSUHWLQJ YLGHR FRQWHQW LW LV DOVR
W\SLFDOO\ OLPLWHG LQ FDSDFLW\ WR UHYLHZLQJ RQH FDPHUD YLHZ
DW D WLPH DW VSHHGV QHDU UHDOWLPH GHSHQGLQJ RQ WKH OHYHO
RI DFWLYLW\ LQ WKH VFHQH DV D UHVXOW VHDUFKLQJ RYHU ODUJH
DPRXQWV RI VXUYHLOODQFH YLGHR FDQ EH D VORZ DQG FXPEHUVRPH
SURFHVV ,Q DGGLWLRQ WKH KXPDQ DWWHQWLRQ VSDQ GRHV QRW SHUVLVW
DW IXOO FDSDFLW\ RYHU ORQJ WLPH SHULRGV 7KLV LV WKH PRWLYDWLRQ
IRU DXWRPDWLF YLGHR VHDUFK WHFKQRORJ\ ZKLFK FDQ GLUHFW WKH
DWWHQWLRQ RI VHFXULW\ SHUVRQQHO RU LQYHVWLJDWRUV WR SRWHQWLDOO\
7KLV ZRUN LV VSRQVRUHG E\ WKH $VVLVWDQW 6HFUHWDU\ RI 'HIHQVH IRU 5H
VHDUFK DQG (QJLQHHULQJ DQG WKH 'HSDUWPHQW RI +RPHODQG 6HFXULW\ 6FLHQFH
DQG 7HFKQRORJ\ 'LUHFWRUDWH XQGHU $LU )RUFH &RQWUDFW )$&
2SLQLRQV LQWHUSUHWDWLRQV UHFRPPHQGDWLRQV DQG FRQFOXVLRQV DUH WKRVH RI WKH
DXWKRUV DQG DUH QRW QHFHVVDULO\ HQGRUVHG E\ WKH 8QLWHG 6WDWHV *RYHUQPHQW
XVHIXO YLGHR FRQWHQW >@ 7KLV SDSHU FRQVLGHUV D VSHFLILF W\SH RI
DXWRPDWHG VHDUFK WKDW DGGUHVVHV D FRPPRQ RSHUDWLRQDO QHHG
WKH VHDUFK IRU SHUVRQVRILQWHUHVW DFURVV ODUJH VXUYHLOOHG DUHDV
0RVW UHVHDUFK LQWR YLGHREDVHG VHDUFK IRU SHUVRQV IRFXVHV
RQ ELRPHWULF UHFRJQLWLRQ XVLQJ VLJQDWXUHV WKDW FDQ EH FDSWXUHG
DW D GLVWDQFH VXFK DV JDLW >@ RU HVSHFLDOO\ IDFH >@>@
+RZHYHU IDFH UHFRJQLWLRQ V\VWHPV FDQ RQO\ EH HPSOR\HG
ZKHQ VXUYHLOODQFH FDPHUDV FDSWXUH IDFH LPDJHV DW VXIILFLHQW
UHVROXWLRQ DQG LOOXPLQDWLRQ ,Q IDFW H[SHULPHQWDO VWXGLHV LQ
GLFDWH WKDW IDFH UHFRJQLWLRQ SHUIRUPDQFH EHJLQV WR GHJUDGH DW
FRPSUHVVHG LPDJH UHVROXWLRQV DV KLJK DV  SL[HOV EHWZHHQ
WKH H\HV >@ WKLV LV PXFK JUHDWHU UHVROXWLRQ WKDQ W\SLFDOO\
SURYLGHG E\ VXUYHLOODQFH YLGHR XQOHVV FDPHUDV DUH VHWXS ZLWK
QDUURZ ILHOGV RI YLHZ HJ PRQLWRULQJ VSHFLILF GRRUZD\V DW
FORVH UDQJH ,Q DGGLWLRQ ELRPHWULF UHFRJQLWLRQ UHTXLUHV D
GDWDEDVH RI SULRU HQUROOPHQW UHFRUGV DJDLQVW ZKLFK WR SHUIRUP
LGHQWLILFDWLRQ 7KLV GRHV QRW DSSO\ ZKHQ VHFXULW\ SHUVRQQHO
RU LQYHVWLJDWRUV DUH ZRUNLQJ ZLWK DQ H\HZLWQHVV GHVFULSWLRQ
RI D SHUVRQ RI LQWHUHVW $Q DOWHUQDWLYH DSSURDFK LV WR SHUIRUP
DXWRPDWLF VHDUFK IRU SHUVRQV ZKR PDWFK D EDVLF DSSHDUDQFH
SURILOH LQFOXGLQJ FORWKLQJ SK\VLFDO DWWULEXWHV JHQGHU KDLU
FRORU DQG FDUULHG REMHFWV VXFK DV EDJV RU EDFNSDFNV 1RWH
WKDW PDQ\ RI WKHVH DWWULEXWHV DUH WHPSRUDU\ LQ QDWXUH DQG WDNHQ
WRJHWKHU GR QRW QHFHVVDULO\ GHVFULEH D XQLTXH LQGLYLGXDO LQ WKH
DUHD XQGHU VXUYHLOODQFH EXW WKH\ DUH REVHUYDEOH WKURXJK YLGHR
DW D GLVWDQFH 7KH DELOLW\ WR SHUIRUP DXWRPDWLF VHDUFKHV EDVHG
RQ WKHVH DWWULEXWHV KDV WKH SRWHQWLDO WR PDNH PDQ\ PRQLWRULQJ
DQG IRUHQVLF VHDUFK WDVNV PXFK PRUH HIILFLHQW
7KHUH KDYH EHHQ VHYHUDO UHFHQW DWWHPSWV WR LQFRUSRUDWH DS
SHDUDQFH GHVFULSWLRQV RI SHUVRQV LQWR YLGHR VHDUFK WHFKQLTXHV
LQFOXGLQJ VRFDOOHG ³VRIW ELRPHWULFV´ %RWK 9DTXHUR HW DO >@
DQG 'HPLUNXV HW DO >@ ORFDOL]H SHUVRQV DQG IURQWDO IDFHV
LQ YLGHR XVLQJ VWDQGDUG +DDU IHDWXUH FDVFDGH FODVVLILHUV DQG
IRFXV SULPDULO\ RQ WKH FKDUDFWHUL]DWLRQ RI IDFLDO DWWULEXWHV IRU
LPDJHV FDSWXUHG DW UHODWLYHO\ FORVH UDQJH WR WKH FDPHUD )RU
LQVWDQFH WKH DXWKRUV LQ >@ VKRZ SURPLVLQJ SHUIRUPDQFH RQ
WKH GHWHFWLRQ RI IDFLDO KDLU DQG JODVVHV ZKLOH WKH DXWKRUV LQ
>@ GHPRQVWUDWH VRPH DELOLW\ WR FODVVLI\ JHQGHU DQG HWKQLFLW\
EDVHG RQ IDFLDO IHDWXUHV ,W LV XQFOHDU KRZ ZHOO WKHVH WHFKQLTXHV
ZRXOG H[WHQG WR ORQJHU UDQJHV RQ WKH RUGHU RI WHQV RI PHWHUV
ZKHUH GHWDLOHG IDFH LPDJHV DUH QR ORQJHU DYDLODEOH ,Q DGGLWLRQ
ERWK SDSHUV GHVFULEH VLPSOH WHFKQLTXHV IRU UHFRJQL]LQJ FORWK
LQJ FRORU EDVHG RQ WKH H[WUDFWLRQ RI GRPLQDQW FRORUV LQ SUHVHW
UHJLRQV ZLWKLQ WKH ERXQGLQJ ER[ VXUURXQGLQJ HDFK SHUVRQ :H
SURSRVH DQ H[WHQVLRQ RI WKLV VRUW RI DQDO\VLV LQFRUSRUDWLQJ
FKDUDFWHULVWLFV REVHUYDEOH DW D GLVWDQFH EDVHG RQ D JHQHUDWLYH
Homeland Security Affairs, Supplement 5, Article 1 (May 2012) WWW.HSAJ.ORG
SUREDELOLVWLF PRGHO WKDW GHVFULEHV WKH H[SHFWHG YDULDWLRQ LQ
DSSHDUDQFH JLYHQ D SDUWLFXODU DWWULEXWH SURILOH 7KH PDLQ DG
YDQWDJHV RI WKLV PRGHO DUH LWV DELOLW\ WR VXFFHVVIXOO\ UHFRJQL]H
PDQ\ GLIIHUHQW FRPELQDWLRQV RI DWWULEXWHV LQFOXGLQJ PXOWL
FRORUHG FORWKLQJ DQG KDQGFDUULHG REMHFWV DQG LWV IOH[LELOLW\
DFURVV GLIIHUHQW SRVHV DQG ERG\ W\SHV
6HFWLRQ ,, JLYHV DQ RYHUYLHZ RI WKH PDLQ FRPSRQHQWV RI
WKH SURSRVHG DOJRULWKP DV ZHOO DV VRPH GHWDLOV DERXW LWV
LPSOHPHQWDWLRQ 6HFWLRQ ,,, GHVFULEHV DQ LQWHUDFWLYH VRIWZDUH
WRRO EXLOW WR WHVW WKH DOJRULWKP RQ VHYHUDO UHDO VXUYHLOODQFH
GDWDVHWV 6HFWLRQ ,9 SURYLGHV VRPH SHUIRUPDQFH PHWULFV RQ
WKHVH GDWDVHWV DQG 6HFWLRQ 9 GLVFXVVHV VRPH RI WKH FKDOOHQJHV
DQG XVHIXO H[WHQVLRQV IRU WKLV ZRUN
,, 6($5&+ $/*25,7+0
7KH SURSRVHG VHDUFK WHFKQLTXH KDV WZR PDLQ FRPSRQHQWV
7KH ILUVW LV D GHWHFWLRQ SURFHVV WKDW LQJHVWV UDZ YLGHR DQG
ILQGV LQVWDQFHV RI PRYLQJ SHUVRQV ZLWKLQ HDFK FDPHUD YLHZ
7KLV SURFHVV LV GHVLJQHG WR UXQ LQ UHDOWLPH DQDO\]LQJ RQH
IUDPH SHU FDPHUD SHU VHFRQG DQG VWRULQJ WKH GHWHFWLRQV DV
WLPHVWDPSHG DQG ORFDWLRQVWDPSHG UHFRUGV LQ D GDWDEDVH 7KH
VHFRQG FRPSRQHQW PDWFKHV GHWHFWLRQV WR D VSHFLILHG DWWULEXWH
SURILOH *LYHQ D SHUVRQ GHVFULSWLRQ WKLV SURFHVV VFRUHV WKH OLNH
OLKRRG WKDW HDFK GHWHFWLRQ LQ WKH GDWDEDVH ILWV WKDW SURILOH E\
HYDOXDWLQJ D SUREDELOLVWLF JHQHUDWLYH DSSHDUDQFH PRGHO %RWK
FRPSRQHQWV PXVW EH DFFXUDWH DQG FRPSXWDWLRQDOO\ HIILFLHQW LQ
RUGHU WR VXSSRUW XVHIXO DXWRPDWLF TXHULHV
$ 0RYLQJ 3HUVRQ 'HWHFWLRQ
%HFDXVH RI WKH KLJK UHGXQGDQF\ RI YLGHR FRQWHQW IURP RQH
IUDPH WR WKH QH[W WKH GHWHFWLRQ SURFHVVLQJ FKDLQ ILUVW VDPSOHV
WKH YLGHR VWUHDP DW RQH IUDPH SHU VHFRQG 7KH JRDO RI WKLV
SURFHVVLQJ LV WR ILQG SHUVRQV LQ PRWLRQ VLQFH WKHUH LV QR
QHHG WR VWRUH VWDWLRQDU\ VXEMHFWV UHSHDWHGO\ WR WKH GHWHFWLRQ
GDWDEDVH $V LV W\SLFDOO\ GRQH ZH XVH D VOLGLQJ ZLQGRZ
DSSURDFK WR HYDOXDWH FDQGLGDWH GHWHFWLRQ ORFDWLRQV ZLWKLQ HDFK
IUDPH ZKHUH D FDQGLGDWH ORFDWLRQ LV VSHFLILHG E\ WKH SRVLWLRQ
RI D ERXQGLQJ ER[ (x, y) DQG LWV GLPHQVLRQV (w, h) VLQFH ZH
DVVXPH D IL[HG DVSHFW UDWLR IRU WKH ERXQGLQJ ER[ GLPHQVLRQV
WKHUH DUH WKUHH SDUDPHWHU YDOXHV WR VZHHS WKURXJK GXULQJ
VHDUFK %URDGO\ HDFK GHWHFWLRQ PXVW VDWLVI\ WKUHH FULWHULD
LW PXVW H[KLELW D KXPDQ VKDSH LW PXVW ILW WKH JURXQG SODQH
FRQVWUDLQWV RI WKH VFHQH DQG LW PXVW FRQWDLQ D KLJK UDWLR RI
IRUHJURXQG SL[HOV DV RSSRVHG WR VWDWLF EDFNJURXQG )LJXUH 
GHSLFWV VDPSOH GHWHFWLRQV WKDW PHHW WKHVH WKUHH FULWHULD
7KHUH KDV EHHQ VLJQLILFDQW SURJUHVV RYHU WKH ODVW GHFDGH
RQ LPDJH SURFHVVLQJ WHFKQLTXHV WKDW UHFRJQL]H KXPDQ VKDSHV
RU FRQWRXUV 0RVW QRWDEO\ 'DODO DQG 7ULJJV >@ SURSRVHG WKH
XVH RI KLVWRJUDPV RI RULHQWHG JUDGLHQWV +2* IHDWXUHV DV WKH
EDVLV IRU D KXPDQ FRQWRXU GHWHFWRU +LVWRJUDPV RI RULHQWHG
JUDGLHQWV SURYLGH D FKDUDFWHUL]DWLRQ RI REMHFW FRQWRXUV ZKLFK
LV VRPHZKDW LQYDULDQW WR OLJKWLQJ FRQGLWLRQV DQG FRORU FRQWUDVW
DQG FDQ EH XVHG WR WUDLQ D VXSSRUW YHFWRU PDFKLQH 690
FODVVLILHU WKDW GHWHFWV WKH KXPDQ IRUP ZLWK LPSUHVVLYH DFFX
UDF\ +RZHYHU HYHQ VWDWHRIWKHDUW FRQWRXUEDVHG GHWHFWRUV
WHQG WR SURGXFH PXOWLSOH IDOVH SRVLWLYHV SHU IUDPH IRU WKH
)LJ  'HWHFWLRQV RI PRYLQJ SHUVRQV LQ D VDPSOH YLGHR IUDPH
W\SHV RI ODUJH DQG YLVXDOO\ FRPSOH[ VFHQHV FRPPRQ LQ YLGHR
VXUYHLOODQFH DSSOLFDWLRQV ,Q RUGHU WR UHGXFH WKH IUHTXHQF\ RI
IDOVH SRVLWLYHV ZH DOVR WDNH DGYDQWDJH RI SULRU LQIRUPDWLRQ
DERXW WKH VFHQH DQG WKH G\QDPLF QDWXUH RI YLGHR
0RVW VXUYHLOODQFH FDPHUDV FDSWXUH VFHQHV LQ ZKLFK WKH
DFWLYLW\ RI LQWHUHVW RFFXUV DORQJ DQ DSSUR[LPDWH JURXQG SODQH
WKDW UHPDLQV IL[HG QRWDEOH H[FHSWLRQV LQFOXGH DFWLYH SDQWLOW
]RRP FDPHUDV DQG YLHZV WKDW GHSLFW PXOWLSOH OHYHOV VWDLUV
HWF :KHQ WKLV DVVXPSWLRQ LV UHDVRQDEOH ZH FDQ XVH LQIRUPD
WLRQ DERXW WKH JURXQG SODQH OHDUQHG GXULQJ DQ RIIOLQH WUDLQLQJ
VWHS WR HOLPLQDWH IDOVH SRVLWLYHV EDVHG RQ WKH VL]H DQG SRVLWLRQ
RI WKH GHWHFWLRQ 7KH JURXQG SODQH LQIRUPDWLRQ LV HQFRGHG LQ D
SHUVSHFWLYH PRGHO VLPLODU WR WKH RQH XVHG LQ >@ 0RUH VSHFLI
LFDOO\ WKLV PRGHO OHDUQV D SODQDU KRPRJUDSK\ ZKLFK PDSV IRRW
SRVLWLRQ WR H[SHFWHG KHDG SRVLWLRQ ,I DOO SHUVRQV LQ WKH VFHQH
DUH VWDQGLQJ XSULJKW RQ D SODQDU VXUIDFH WKLV HQVXUHV WKDW WKH
IRRWWRKHDG PDSSLQJ LV DQ DIILQH PDS EHWZHHQ SODQHV LQ '
VSDFH VSHFLI FDOO\ WUDQVODWLRQ E\ WKH KHLJKW RI WKH SHUVRQ
DQG WKHUHIRUH LQGXFHV D SODQH KRPRJUDSK\ ZKHQ SURMHFWHG LQWR
LPDJH FRRUGLQDWHV )RU D FDQGLGDWH ERXQGLQJ ER[ ZH PHDVXUH
WKH QRUPDOL]HG ³SHUVSHFWLYH HUURU´ RI ERXQGLQJ ER[ SRVLWLRQ





ZKHUH hest LV WKH HVWLPDWHG KHLJKW IRU SRVLWLRQ !p FRPSXWHG
E\ PDSSLQJ WKH IRRW SRVLWLRQ WR D KHDG SRVLWLRQ DFFRUGLQJ
WR WKH VFHQH KRPRJUDSK\ WKHQ WDNLQJ WKH GLIIHUHQFH EHWZHHQ
SURMHFWHG KHDG SRVLWLRQ DQG DFWXDO IRRW SRVLWLRQ
)LQDOO\ VLQFH RXU REMHFWLYH LV WR GHWHFW PRYLQJ SHUVRQV DQG
D VLJQLILFDQW UDWLR RI KXPDQ FRQWRXU IDOVH SRVLWLYHV DUH JHQHU
DWHG E\ VWDWLF EDFNJURXQG SDWWHUQV ZH DOVR OHDUQ D G\QDPLF
EDFNJURXQG PRGHO RI WKH YLGHR VFHQH 7\SLFDO ³EDFNJURXQG
VXEWUDFWLRQ´ WHFKQLTXHV OHDUQ DGDSWLYH VWDWLVWLFDO PRGHOV RI
VWDWLF EDFNJURXQG DW WKH SL[HO OHYHO WKHQ FRPSDUH QHZ IUDPHV
RI YLGHR WR WKHVH PRGHOV LQ RUGHU WR HVWLPDWH ZKLFK SL[HOV
GHSLFW PRYLQJ IRUHJURXQG :H XVH WKH EDFNJURXQG VXEWUDFWLRQ
WHFKQLTXH SURSRVHG E\ 6WDXIIHU DQG *ULPVRQ >@ ZKLFK
Homeland Security Affairs, Supplement 5, Article 1 (May 2012) WWW.HSAJ.ORG
PDLQWDLQV DQ DGDSWLYH *DXVVLDQ PL[WXUH PRGHO LQ ' FRORU
VSDFH IRU HYHU\ SL[HO 7KLV PHWKRG RIIHUV VRPH UREXVWQHVV
WR VKDGRZ HIIHFWV EHFDXVH RI WKH PXOWLPRGDO IRUP RI LWV
EDFNJURXQG PRGHO :H PHDVXUH D IRUHJURXQG UDWLR IRU HDFK
FDQGLGDWH ERXQGLQJ ER[ FRPSXWHG DV WKH UDWLR RI DOO SL[HOV
ZLWKLQ WKH ER[ WKDW DUH ODEHOHG DV IRUHJURXQG E\ WKLV PRGHO
(DFK RI WKH WKUHH GHWHFWLRQ FULWHULD SURGXFHV D UHDOYDOXHG
VFRUH WKDW LQGLFDWHV WKH GHJUHH WR ZKLFK WKDW FULWHULRQ LV
PHW IRU GHWHFWLRQ SRVLWLRQ !p WKH RXWSXW RI WKH 690 KXPDQ
FRQWRXU GHWHFWRU scont(!p) WKH SHUVSHFWLYH HUURU "per(!p) DQG
WKH IRUHJURXQG UDWLR rfore(!p) 7KH IXVHG GHWHFWLRQV UHVXOW IURP
D IXQFWLRQ f(scont(!p), "per(!p), rfore(!p)) PDSSLQJ DOO WKUHH
YDOXHV WR HLWKHU  GHWHFWLRQ RU  QR GHWHFWLRQ )RU UHDVRQV
RI FRPSXWDWLRQDO HIILFLHQF\ ZH GHFRPSRVH WKLV IXQFWLRQ LQWR
D FRPELQDWLRQ RI LQGLYLGXDO WKUHVKROGV DSSOLHG WR HDFK YDOXH
7KLV ZD\ ZH FDQ XVH D FDVFDGHG GHWHFWLRQ VWUDWHJ\ ZKHUH
WKH FRPSXWDWLRQDOO\ VLPSOHU FULWHULD IRUHJURXQG UDWLR DQG
SHUVSHFWLYH HUURU DUH HYDOXDWHG ILUVW LQ RUGHU WR UXOH RXW PRVW
FDQGLGDWH ERXQGLQJ ER[ SRVLWLRQV $V D UHVXOW WKH FRPSXWD
WLRQDOO\ H[SHQVLYH +2* IHDWXUHV PXVW RQO\ EH JHQHUDWHG DW
UHODWLYHO\ VSDUVH ORFDWLRQV DQG VFDOHV 7R DFKLHYH DGGLWLRQDO
VSHHGXS ZH XVH 'DOOH\¶V *38 LPSOHPHQWDWLRQ RI SDUDOOHOL]HG
+2* IHDWXUH FRPSXWDWLRQ >@ $OO WKUHH WKUHVKROGV IRU WKLV
PHWKRG ZHUH VHOHFWHG HPSLULFDOO\ IURP WUDLQLQJ GDWD
,Q DGGLWLRQ WR SHUVRQ GHWHFWLRQ ZH DOVR DWWHPSW WR FODVVLI\
HDFK GHWHFWLRQ E\ JHQGHU 7KLV FODVVLI HU LV REWDLQHG E\ UH
WUDLQLQJ D 690 GLVFULPLQDQW LQ +2* IHDWXUH VSDFH $V D
UHVXOW FODVVLILFDWLRQ LV EDVHG RQ FRQWRXU FKDUDFWHULVWLFV ZKLFK
DSSHDU WR FDSWXUH LQIRUPDWLRQ DERXW KDLU VW\OH FORWKLQJ VW\OH
DQG ERG\ IUDPH 6LQFH +2* IHDWXUHV DUH DOUHDG\ FRPSXWHG
GXULQJ GHWHFWLRQ SHUIRUPLQJ WKLV DGGLWLRQDO FODVVLILFDWLRQ LV
FRPSXWDWLRQDOO\ LQH[SHQVLYH
% *HQHUDWLYH $SSHDUDQFH 0RGHO
,Q RXU VHDUFK IUDPHZRUN WKH RSHUDWRU VSHFLILHV DQ DWWULEXWH
SURILOH LQFOXGLQJ VRPH VXEVHW RI WKH IROORZLQJ FKDUDFWHULVWLFV
JHQGHU KDLU RU KDW FRORU FORWKLQJ FRORU DQG EDJ GHVFULSWLRQV
W\SH DQG FRORU *LYHQ D SDUWLFXODU DWWULEXWH SURILOH KRZHYHU
WKHUH LV TXLWH D ELW RI YDULDWLRQ LQ WKH ZD\ DQ LPDJH FKLS
PDQLIHVWV DV D VHW RI SL[HO YDOXHV GXH WR FKDQJHV LQ YLHZ
DQJOH OLJKWLQJ FRQGLWLRQV ERG\ W\SH FORWKLQJ DQG EDJ VW\OH
HWF ,Q RUGHU WR H[SODLQ WKLV H[SHFWHG YDULDWLRQ ZH IRUPXODWH
D JHQHUDWLYH SUREDELOLVWLF PRGHO WKDW JLYHV WKH OLNHOLKRRG RI
REVHUYLQJ D VHW RI SL[HO YDOXHV JLYHQ DQ DWWULEXWH SURILOH 7KLV
PRGHO KDV D KLHUDUFKLFDO VWUXFWXUH ZLWK NH\ IDFWRUV RI WKH
LPDJH IRUPDWLRQ HQFRGHG DV ODWHQW YDULDEOHV LQ WKH KLHUDUFK\
7KH PRGHO DV YLVXDOL]HG LQ )LJXUH  KDV WKH IROORZLQJ
VWUXFWXUH
/HW !A UHSUHVHQW WKH VHW RI DWWULEXWHV LQ WKH DWWULEXWH SURILOH
FRPSULVHG RI D FROOHFWLRQ RI IODJV DQG UHDOYDOXHG FRORU
VSHFLILFDWLRQV 7KH I UVW OHYHO RI WKH PRGHO KLHUDUFK\ SDUWLWLRQV
WKH LPDJH FKLS LQWR LWV FRPSRQHQW SDUWV DV GHSLFWHG LQ )LJXUH
 KHDG WRUVR ORZHU ERG\ DQG RSWLRQDOO\ RQH RU PXOWLSOH
EDJV /HW YHFWRUV !zhead !ztorso !zlower DQG !zbag HQFRGH WKH '
SRVLWLRQV RI WKHLU UHVSHFWLYH FRPSRQHQWV DV UHFWDQJOHV ZLWKLQ















































)LJ  /HIW ,OOXVWUDWLRQ RI LPDJH FKLS GHFRPSRVLWLRQ LQWR LWV FRPSRQHQW
SDUWV 5LJKW *UDSKLFDO UHSUHVHQWDWLRQ RI WKH KLHUDUFKLFDO JHQHUDWLYH PRGHO
1RGHV UHSUHVHQW YDULDEOHV HLWKHU GLUHFWO\ REVHUYHG VKDGHG ODWHQW RU VHW GXU
LQJ WUDLQLQJ ZKLOH DUURZV UHSUHVHQW GHSHQGHQFLHV (DFK LPDJH FKLS FRQWDLQV
K FRPSRQHQW SDUWV DQG Nk SL[HOV ZLWKLQ HDFK FRPSRQHQW
FRQWDLQ WKH ILUVW WKUHH SRVLWLRQ YHFWRUV DSSHQGHG WRJHWKHU 7KH
JHQHUDWLYH PRGHO MRLQWO\ VHOHFWV WKH EDVLF SRVLWLRQ YDOXHV IURP
D PXOWLYDULDWH *DXVVLDQ GLVWULEXWLRQ
!zbody ∼ N (!µ,Σ) 
ZKHUH SDUDPHWHU VHW θ = {!µ,Σ} FRQWDLQV WKH PHDQ H[SHFWHG
SRVLWLRQ VHW DQG WKH FRYDULDQFH PDWUL[ RI SRVLWLRQ FKDQJHV GXH
WR ERG\ FORWKLQJ DQG YLHZ DQJOH YDULDWLRQ ,Q DGGLWLRQ LI
DWWULEXWH VHW !A FRQWDLQV EDJ VSHFLILFDWLRQV HDFK EDJ SRVLWLRQ
LV GUDZQ IURP RQH RI WKUHH QRQSDUDPHWULF GLVWULEXWLRQV
GHSHQGLQJ RQ WKH VSHFLILHG EDJ W\SH EDFNSDFN KDQGFDUULHG
EDJ RU UROOHG OXJJDJH 1RWH WKDW EDJ SRVLWLRQ LV GHILQHG WR
EH UHODWLYH WR WKH SRVLWLRQ RI WKH ERG\ FRPSRQHQWV VR WKDW WKH
JHQHUDWLRQ RI !zbody DQG !zbag YHFWRUV DUH QRW LQGHSHQGHQW
2QFH WKH FRPSRQHQW SRVLWLRQV KDYH EHHQ GHWHUPLQHG WKH
DWWULEXWH GHVFULSWLRQ JRYHUQV WKH FRORU DQG VKDSH LQIRUPDWLRQ
H[SUHVVHG E\ WKH SL[HO YDOXHV RI HDFK VXEUHJLRQ 7KH PRGHO
HPSOR\V D WHFKQLTXH VLPLODU WR ODWHQW 'LULFKOHW DOORFDWLRQ
/'$ >@ WR JHQHUDWH WKH PL[WXUH RI REVHUYHG FRORU RU
VKDSH LQIRUPDWLRQ $V DQ H[DPSOH FRQVLGHU WKH JHQHUDWLRQ
RI FRORU LQIRUPDWLRQ 7KH PRGHO GHILQHV D GLVFUHWH QXPEHU
RI FRORU ³WRSLFV´ ZKLFK DUH VHOHFWHG WR EH WZHOYH FRPPRQ
SHUFHSWXDO FRORUV EODFN ZKLWH JUD\ WDQ EURZQ \HOORZ
RUDQJH SLQN UHG JUHHQ EOXH SXUSOH (DFK ORFDO UHJLRQ k
ZLWKLQ D FRPSRQHQW LV FKDUDFWHUL]HG E\ D GLVWULEXWLRQ RYHU WKH
FRORU WRSLFV !pik D GLPHQVLRQDO UHDOYDOXHG YHFWRU WKDW VXPV
WR RQH )LUVW WKH PRGHO GUDZV WKH FRORU WRSLF GLVWULEXWLRQ IURP
D 'LULFKOHW SULRU
!pik ∼ Dir(!αk) 
7KH 'LULFKOHW SULRU GLVWULEXWLRQ DFFRXQWV IRU YDULDWLRQ LQ WKH
FRORU PL[WXUH GXH WR IDFWRUV VXFK DV VW\OH PDWHULDO FRP
SRVLWLRQ VKDGRZ HIIHFWV RU REMHFW RFFOXVLRQ 7KH 'LULFKOHW
SDUDPHWHUV !αk DUH VHW EDVHG RQ WKH DWWULEXWH SURILOH HJ D
³GDUN UHG WRUVR´ VSHFLI FDWLRQ PD\ KDYH D ELDV WRZDUG VHOHFWLRQ
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RI PL[WXUHV GRPLQDWHG E\ UHG DQG EODFN WRSLFV
2QFH WKH WRSLF GLVWULEXWLRQ KDV EHHQ VHOHFWHG HDFK SL[HO
ZLWKLQ WKH FRPSRQHQW UHJLRQ LQGHSHQGHQWO\ VHOHFWV D FRORU
WRSLF c DFFRUGLQJ WR WKH GLVWULEXWLRQ JLYHQ E\ !pik  )LQDOO\ WKH
SL[HO YDOXH LV GUDZQ IURP WKH FRUUHVSRQGLQJ FRORU WRSLF GHQVLW\
ZLWKLQ WKH WKUHHGLPHQVLRQDO FRORU VSDFH ,I !x UHSUHVHQWV
D VLQJOH WKUHHGLPHQVLRQDO SRLQW GHILQHG LQ KXHVDWXUDWLRQ
YDOXH +69 FRORU VSDFH WKH SUREDELOLW\ WKDW WKLV SRLQW ZDV
JHQHUDWHG E\ D FRORU GHQVLW\ FKDUDFWHUL]HG E\ PHDQ !µc DQG
FRYDULDQFH PDWUL[ Σc LV JLYHQ E\ WKH TXDVL*DXVVLDQ H[SUHV
VLRQ
p(!x) = φ · exp
(




ZKHUH FRQVWDQW φ QRUPDOL]HV WKH GLVWULEXWLRQ DQG !d LV WKH
GLIIHUHQFH YHFWRU EHWZHHQ !x DQG !µc ZLWK WKH ILUVW HOHPHQW
d1 FRPSXWHG WR DFFRXQW IRU WKH F\FOLFDO QDWXUH RI WKH DQJXODU
KXH D[LV ZKLFK VSDQV IURP  WR 
d1(x1, µc1) = PRG(x1 − µc1 + 0.5, 1) − 0.5 
)RUPLQJ FRORU GHQVLWLHV LQ +69 VSDFH DV RSSRVHG WR 5*%
VSDFH SURYLGHV PRUH WROHUDQFH WR LQFRQVLVWHQW OLJKWLQJ FRQGL
WLRQV
$ VLPLODU JHQHUDWLYH PRGHO VWUXFWXUH DSSOLHV IRU VKDSH
LQIRUPDWLRQ ZLWKLQ HDFK FRPSRQHQW UHJLRQ ,QVWHDG RI XVLQJ
FRORU WRSLFV DQG REVHUYHG SL[HO YDOXHV WKH PRGHO UHSODFHV
WKHVH ZLWK ³VKDSH WRSLFV´ HJ PXOWLVFDOH JUDGLHQWV DQG
HGJHEDVHG SULPLWLYHV FHQWHUHG DURXQG HDFK SL[HO ORFDWLRQ ,Q
WKLV FDVH WKH 'LULFKOHW GLVWULEXWLRQ WKDW GULYHV WKH PRGHO LV
JRYHUQHG E\ WKH ODEHO RI WKH FRPSRQHQW KHDG WRUVR HWF
)LQDOO\ WKH UHDOYDOXHG JHQGHU VFRUH g SURGXFHG GXULQJ WKH
GHWHFWLRQ VWDJH LV DVVXPHG WR EH GUDZQ LQGHSHQGHQWO\ IURP WKH
UHVW RI WKH PRGHO DFFRUGLQJ WR DQ H[SRQHQWLDO GLVWULEXWLRQ
s(g) ∼ exp(λ) 
ZKHUH s(·) DGMXVWV WKH VLJQ RI WKH JHQGHU VFRUH DFFRUGLQJ WR WKH
JHQGHU ODEHO LQ WKH DWWULEXWH SURILOH RU VHWV LW WR ]HUR LI JHQGHU
LV XQVSHFLILHG DQG SDUDPHWHU λ FRQWUROV WKH LPSRUWDQFH RI WKH
JHQGHU VSHFLILFDWLRQ UHODWLYH WR DOO RWKHU DWWULEXWH VSHFLILFDWLRQV
7KH PRGHO VWUXFWXUH GHVFULEHG DERYH KDV D VHW RI REVHUYHG
YDULDEOHV O WKH SL[HO YDOXHV HGJH SULPLWLYHV DQG DWWULEXWH
SURILOH D VHW RI KLGGHQ RU ODWHQW YDULDEOHV H WKH FRPSRQHQW
SRVLWLRQV WRSLF PL[WXUHV DQG WRSLF ODEHOV DQG D VHW RI OHDUQHG
PRGHO SDUDPHWHUV Θ GHVFULELQJ YDULRXV *DXVVLDQ 'LULFKOHW
H[SRQHQWLDO DQG QRQSDUDPHWULF GLVWULEXWLRQV :KHQ D JLYHQ
LPDJH FKLS LV HYDOXDWHG IRU LWV GHJUHH RI PDWFK WR D JLYHQ DW
WULEXWH SURILOH WKH PDWFK VFRUH m LV FRPSXWHG E\ PD[LPL]LQJ





7KLV LV HTXLYDOHQW WR HVWLPDWLQJ WKH PRVW OLNHO\ KLGGHQ VWDWHV WR
H[SODLQ WKH REVHUYHG LPDJH LI D KLJKSUREDELOLW\ H[SODQDWLRQ
1RWH WKDW LQ FRQWUDVW WR W\SLFDO /'$ PRGHOV WKH WRSLFV LQ WKLV PRGHO DUH
SUHGHILQHG DQG WKH SDUDPHWHUV RI WKH 'LULFKOHW GLVWULEXWLRQ DUH VHW DFFRUGLQJ
WR WKH DWWULEXWH GHVFULSWLRQ QRW OHDUQHG LQ DQ XQVXSHUYLVHG PDQQHU
H[LVWV WKDW LV FRPSDWLEOH ZLWK WKH DWWULEXWH GHVFULSWLRQ DQG WKH
REVHUYHG YDOXHV WKLV ZLOO OHDG WR D KLJK PDWFK VFRUH 3DUWV RI
WKLV PD[LPXP OLNHOLKRRG RSWLPL]DWLRQ SUREOHP FDQ EH VROYHG
LQ FORVHGIRUP )RU WKH YDULDEOHV ZKLFK FDQQRW EH HVWLPDWHG
LQ FORVHG IRUP LH WKH FRPSRQHQW SRVLWLRQV ZH HPSOR\
D JUHHG\ LWHUDWHG FRQGLWLRQDO PRGHV ,&0 DOJRULWKP >@
ZKLFK LV LQLWLDOL]HG DW WKH PHDQ SRVLWLRQ YHFWRU DQG FRQYHUJHV
TXLFNO\ WR D ORFDO RSWLPXP
& 0RGHO ,PSOHPHQWDWLRQ
$IWHU H[SHULPHQWDWLRQ ZLWK PXOWLSOH YHUVLRQV RI WKH PRGHO
IUDPHZRUN GHVFULEHG DERYH ZH VHOHFWHG D VLPSOLI HG LPSOH
PHQWDWLRQ IRU XVH LQ DOO H[SHULPHQWV GLVFXVVHG LQ WKLV SDSHU
7KLV LPSOHPHQWDWLRQ KDV WKH IROORZLQJ GHWDLOV 7KH FRPSR
QHQW SRVLWLRQ YDULDEOHV UHSUHVHQW ERXQGDU\ ORFDWLRQV DORQJ
WKH YHUWLFDO D[LV RQO\ ZKLOH SRVLWLRQV DORQJ WKH KRUL]RQWDO
D[LV DUH SUHGHWHUPLQHG DQG IL[HG $OO ORFDWLRQ YDULDEOHV DUH
H[SUHVVHG DV UDWLRV RI LPDJH FKLS KHLJKW LQ RUGHU WR PDNH
WKHLU GLVWULEXWLRQV LQYDULDQW WR UHVROXWLRQ ,Q DGGLWLRQ WKLV
YHUVLRQ RI WKH PRGHO LV OLPLWHG LQ VFRSH WR FRORU WRSLF PL[WXUH
UHSUHVHQWDWLRQV QRW VKDSH PL[WXUH UHSUHVHQWDWLRQV LQ RUGHU WR
LPSURYH FRPSXWDWLRQDO HIILFLHQF\
,Q RUGHU WR OHDUQ WKH PRGHO SDUDPHWHUV ZH ODEHOHG JURXQG
WUXWK IRU WUDLQLQJ SXUSRVHV IURP VHYHUDO KXQGUHG LPDJHV VDP
SOHG IURP PXOWLSOH YLGHR GDWDVHWV 7KH ODEHOHG JURXQG WUXWK
LQFOXGHG FRPSRQHQW GHVFULSWLRQV SRVLWLRQV DQG SHUFHSWXDO
FRORU ODEHOV 7KH PHDQ YHFWRUV DQG FRYDULDQFH PDWULFHV RI DOO
PXOWLYDULDWH *DXVVLDQ GLVWULEXWLRQV ZHUH VHW XVLQJ PD[LPXP
OLNHOLKRRG HVWLPDWLRQ ZKLOH HDFK RI WKH WKUHH EDJ SRVLWLRQ
GLVWULEXWLRQV ZDV OHDUQHG GLUHFWO\ IURP ODEHOHG H[DPSOHV XVLQJ
NHUQHO GHQVLW\ HVWLPDWLRQ )LQDOO\ WKH PHWKRG IRU VHWWLQJ WKH
'LULFKOHW SDUDPHWHUV DFFRUGLQJ WR WKH DWWULEXWH SURILOH ZDV
VHOHFWHG WKURXJK HPSLULFDO WHVWLQJ
,,, ,17(5$&7,9( 6($5&+ 722/
7KH V\VWHP GHVFULEHG LQ WKLV SDSHU SURFHVVHV VXUYHLOODQFH
YLGHR LQ RUGHU WR H[WUDFW LQVWDQFHV RI PRYLQJ SHUVRQV DQG
WKHQ VWRUHV WKHVH LQVWDQFHV DV WLPH DQG ORFDWLRQ WDJJHG
GHVFULSWRUV WR D GDWDEDVH ,Q RUGHU WR DOORZ DQ RSHUDWRU WR
TXLFNO\ DQG HDVLO\ VHDUFK RYHU WKHVH UHFRUGV ZH FRQVWUXFWHG
DQ LQWHUDFWLYH VHDUFK WRRO WKDW RSHUDWHV GLUHFWO\ RQ WKH GDWDEDVH
7KH WRRO ZRUNV E\ WDNLQJ LQ D VHW RI VHDUFK FULWHULD WKURXJK
D JUDSKLFDO XVHU LQWHUIDFH UHWULHYLQJ DOO UHFRUGV IURP WKH
GHWHFWLRQ GDWDEDVH WKDW IDOO ZLWKLQ WKH VSHFLILHG WLPH SHULRG DQG
ORFDWLRQ DSSO\LQJ WKH SUREDELOLVWLF PRGHO GHVFULEHG LQ 6HFWLRQ
,,% WR VFRUH KRZ ZHOO HDFK UHFRUG PDWFKHV WKH VSHFLILHG
DWWULEXWH SURILOH UDQNLQJ WKHP LQ RUGHU RI EHVW PDWFK DQG
WKHQ GLVSOD\LQJ WKH WRS VHW RI PDWFKHV EDFN WR WKH RSHUDWRU
IRU IXUWKHU LQYHVWLJDWLRQ RI WKH UHOHYDQW YLGHR
)LJXUH  VKRZV H[DPSOH VFUHHQVKRWV RI WKH VHDUFK WRRO
/DXQFKLQJ DQ DWWULEXWHEDVHG SHUVRQ VHDUFK EULQJV XS D VHDUFK
FULWHULD LQSXW PHQX GLYLGHG LQWR DQ DWWULEXWH SURILOH VHFWLRQ
XSSHU KDOI DQG D VHDUFK ORFDOL]DWLRQ VHFWLRQ ORZHU KDOI
:LWKLQ WKH DWWULEXWH SURILOH VHFWLRQ WKH RSHUDWRU PD\ VSHFLI\
DQ\ VXEVHW RI DWWULEXWH RSWLRQV UHSUHVHQWHG LQ WKH PHQXV DQ\
LQSXWV QRW SURYLGHG E\ WKH RSHUDWRU DUH OHIW DV XQVSHFLILHG E\
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)LJ  6DPSOH VFUHHQVKRWV RI WKH LQWHUDFWLYH VHDUFK WRRO /HIW 6HDUFK FULWHULD LQSXW LQWHUIDFH LQ ZKLFK WKH RSHUDWRU KDV VSHFLILHG ³PDOH´ JHQGHU ³\HOORZ´
VKLUW FRORU DQG ³EODFN´ SDQWV 5LJKW 6HDUFK UHVXOWV H[SORUDWLRQ LQWHUIDFH GLVSOD\LQJ WRS PDWFKHV IRU WKLV VHDUFK FULWHULD ,PDJH FKLSV DUH DUUDQJHG LQ RUGHU
RI GHVFHQGLQJ PDWFK VFRUH IURP OHIW WR ULJKW DQG WRS WR ERWWRP 1RWH WKDW VRPH LPDJH FKLSV IDUWKHU GRZQ WKH SURJUHVVLRQ FRQWDLQ LQH[DFW EXW FORVH PDWFKHV
VXFK DV IHPDOHV ZLWK WKH VSHFLILHG FORWKLQJ RU VXEMHFWV ZLWK RIIZKLWH UDWKHU WKDQ \HOORZ VKLUWV 7KLV VHDUFK ZDV SHUIRUPHG RYHU DSSUR[LPDWHO\  PLQXWHV
RI GDWD IURP HDFK RI WKUHH FDPHUD YLHZV REWDLQHG IURP WKH L/,'6 GDWDVHW >@ FROOHFWHG DW *DWZLFN $LUSRUW LQ /RQGRQ
GHIDXOW PHDQLQJ WKH\ ZLOO QRW IDFWRU LQWR WKH VHDUFK UHVXOWV
$ JHQGHU PHQX DOORZV IRU VHOHFWLRQ RI PDOH RU IHPDOH $
KHDG FRORU PHQX DOORZV IRU VHOHFWLRQ RI FRORU LQIRUPDWLRQ
FRUUHVSRQGLQJ WR HLWKHU KDW RU KDLU $ WRUVR FORWKLQJ FRORU PHQX
DOORZV VSHFLILFDWLRQ RI XSSHU ERG\ FORWKLQJ FRORUV ZKLFK
W\SLFDOO\ FRUUHVSRQG WR VKLUW FRDW RU EORXVH FRORU GHVFULSWLRQV
$ ORZHU ERG\ FORWKLQJ FRORU PHQX WDNHV LQ LQIRUPDWLRQ DERXW
SDQWV VKRUWV VNLUWV DQGRU SURPLQHQW VKRHV )LQDOO\ WKH EDJ
RSWLRQV DOORZ WKH XVHU WR VSHFLI\ RQH RU PRUH EDJV LQ WKH
SRVVHVVLRQ RI WKH SHUVRQRILQWHUHVW (DFK EDJ WDNHV D W\SH
GHVFULSWLRQ EDFNSDFN KDQGFDUULHG EDJ RU UROOHG OXJJDJH
LQ DGGLWLRQ WR FRORU SDWWHUQV $OO FRORU VHOHFWLRQV DUH PDGH
WKURXJK D SDOHWWH LQWHUIDFH WKDW DOORZV VHOHFWLRQ IURP DPRQJ
D UDQJH RI VKDGHV ZLWKLQ PXOWLSOH FRPPRQ SHUFHSWXDO FRORU
FDWHJRULHV
,Q DGGLWLRQ WR WKH DWWULEXWH SURILOH WKH RSHUDWRU VHOHFWV D
VWDUW WLPH DQG HQG WLPH IRU FRQGXFWLQJ WKH VHDUFK ZKLFK PD\
VSDQ XS WR PXOWLSOH GD\V RI DUFKLYHG YLGHR 7KH RSHUDWRU PD\
DOVR FKRRVH WKH VXEVHW RI FDPHUD YLHZV RYHU ZKLFK WR VHDUFK
IRFXVLQJ LQ RQ SDUWLFXODU UHJLRQV ZLWKLQ LQGLYLGXDO FDPHUD
VFHQHV HJ GRRUZD\V RU SHGHVWULDQ SDVVDJHZD\V LI GHVLUHG
2QFH DOO DWWULEXWH DQG VHDUFK ORFDOL]DWLRQ FULWHULD KDV EHHQ
HQWHUHG WKH VHDUFK SURFHVV ODXQFKHV DQG WKH VRIWZDUH DFFHVVHV
WKH GHWHFWLRQ GDWDEDVH WR FRPSXWHV DOO UHOHYDQW PDWFK VFRUHV
7KH WLPH UHTXLUHG WR ILQLVK WKLV SURFHVVLQJ LV W\SLFDOO\ DW OHDVW
D IHZ VHFRQGV DQG VFDOHV LQ URXJK SURSRUWLRQ WR WKH DUHD
DQG WLPH ZLQGRZ RI WKH VHDUFK GHSHQGLQJ RQ YDULDWLRQV LQ
SHGHVWULDQ IUHTXHQF\
7KH VHDUFK UHVXOWV LQWHUIDFH KDV WKUHH SDQHOV DV GHSLFWHG
RQ WKH ULJKW VLGH RI )LJXUH  7KH ILUVW SDQHO FRQWDLQV D VHW
RI LPDJH FKLSV UHSUHVHQWLQJ WKH WRS PDWFKHV WR WKH DWWULEXWH
VHDUFK FULWHULD 7KHVH FKLSV DUH ILOWHUHG WR DYRLG UHGXQGDQW
GLVSOD\V RI WKH VDPH SHUVRQ LQ FRQVHFXWLYH IUDPHV RI YLGHR
7KH RSHUDWRU PD\ VFUROO WKURXJK WKHVH LPDJH FKLS UHVXOWV DQG
FOLFN RQ DQ\ RI WKHP WR UHWULHYH WKH FRUUHVSRQGLQJ YLGHR
FRQWHQW 7KH VHFRQG SDQHO GLVSOD\V WKH YLGHR IUDPH IURP
ZKLFK WKH PDWFK ZDV GHWHFWHG DQG DOORZV WKH RSHUDWRU WR
YLHZ WKH YLGHR XVLQJ D VWDQGDUG VHW RI SOD\EDFN FRQWUROV
7KH WKLUG SDQHO GLVSOD\V ERWK D WLPHOLQH DQG D PDS RI WKH
IDFLOLW\ FRQWDLQLQJ HVWLPDWHG WLPHV DQG ORFDWLRQV IRU HDFK RI
WKH WRS PDWFKHV 7KH RSHUDWRU KDV WKH RSWLRQ WR UHWULHYH YLGHR
E\ VHOHFWLQJ DQ LQGLYLGXDO GHWHFWLRQ GLUHFWO\ IURP WKH PDS RU
IURP WKH WLPHOLQH UDWKHU WKDQ IURP WKH LPDJH FKLS VHW
$V LW LV VHW XS WKH VHDUFK WRRO SURYLGHV ERWK D FOHDU ZD\ IRU
XVHUV WR HQWHU VWUXFWXUHG VHDUFK TXHULHV DQG D PHFKDQLVP WR
H[SORUH SRWHQWLDO VLJKWLQJV RI D SHUVRQRILQWHUHVW WKURXJKRXW
DOO DYDLODEOH VXUYHLOODQFH YLGHR ,W LV LPSRUWDQW WR QRWH WKDW LI
WKHUH LV D XVHIXO YLGHR GHWHFWLRQ LW ZLOO QRW DOZD\V DSSHDU DV
WKH ILUVW PRVW KLJKO\ VFRUHG LPDJH FKLS GXH WR LQDFFXUDFLHV
LQ ZLWQHVV GHVFULSWLRQV OLPLWDWLRQV LQ WKH W\SH RI DWWULEXWH
LQSXWV DFFHSWHG E\ WKH VRIWZDUH RU LPSHUIHFWLRQV ZLWKLQ WKH
JHQHUDWLYH DSSHDUDQFH PRGHO +RZHYHU LI WKH XVHIXO FRQWHQW
DSSHDUV VRPHZKHUH DPRQJ WKH WRS PDWFK UHVXOWV LW LV W\SLFDOO\
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D PXFK HDVLHU DQG TXLFNHU SURFHVV IRU DQ RSHUDWRU WR EURZVH
WKURXJK D VHW RI LPDJH FKLSV DQG IRFXV LQ RQ WKH UHOHYDQW
FRQWHQW WKDQ LW LV IRU WKDW RSHUDWRU WR PDQXDOO\ VFDQ ODUJH
DPRXQWV RI UDZ YLGHR
,9 (;3(5,0(17$/ 5(68/76
:H KDYH WULHG WKH VHDUFK WRRO GHVFULEHG DERYH RQ VHYHUDO
VXUYHLOODQFH YLGHR GDWDVHWV LQFOXGLQJ WKH L/,'6 GDWDVHW >@
FROOHFWHG DW *DWZLFN $LUSRUW VDPSOH YLGHR FROOHFWHG DW D PDMRU
86 DLUSRUW DQG VDPSOH YLGHR FROOHFWHG DW VWUHHW LQWHUVHFWLRQV
E\ RXWGRRU ODZ HQIRUFHPHQW VXUYHLOODQFH FDPHUDV +RZHYHU
RXU DELOLW\ WR PHDVXUH SHUIRUPDQFH TXDQWLWDWLYHO\ LV OLPLWHG
E\ WKH DYDLODELOLW\ RI GHWDLOHG JURXQG WUXWK IRU WKHVH GDWDVHWV
,Q RUGHU WR FRPSXWH WKH UHVXOWV GLVFXVVHG LQ WKLV VHFWLRQ ZH
VHOHFWHG D SDUWLFXODU DUHD VXUYHLOOHG GXULQJ WKH 86 DLUSRUW YLGHR
GDWD FROOHFWLRQ DQG ODEHOHG JURXQG WUXWK IRU DOO SHGHVWULDQ
DFWLYLW\ RFFXUULQJ ZLWKLQ WKDW DUHD RYHU D GHILQHG SHULRG
RI WLPH 7KH VXUYHLOODQFH YLGHR RI WKLV DSSUR[LPDWHO\ 
VTXDUH PHWHU UHJLRQ KDV LPDJH UHVROXWLRQ DORQJ WKH KHLJKW
RI SHGHVWULDQV UDQJLQJ IURP DERXW  SL[HOV WR  SL[HOV
:H FROOHFWHG JURXQG WUXWK FRUUHVSRQGLQJ WR WKH ORFDWLRQ DQG
DWWULEXWHEDVHG DSSHDUDQFH RI HDFK SHUVRQ ZKR SDVVHG WKURXJK
WKLV UHJLRQ $QDO\]LQJ VDPSOHG IUDPHV RI YLGHR DW D UDWH RI 
+] WKHUH ZDV D WRWDO RI DSSUR[LPDWHO\  LQVWDQFHV LH
IUDPH DSSHDUDQFHV RI  XQLTXH SHGHVWULDQV REVHUYHG GXULQJ
JURXQG WUXWK ODEHOLQJ
,Q DGGLWLRQ ZH DOVR ODEHOHG WKH ORFDWLRQ RI HYHU\ SHGHVWULDQ
SDVVLQJ WKURXJK D W\SLFDO RXWGRRU VWUHHW VFHQH FDSWXUHG E\ ODZ
HQIRUFHPHQW VXUYHLOODQFH YLGHR 7KLV YLGHR FRQWDLQV H[DPSOHV
RI SHGHVWULDQV DW DERXW  WR  SL[HOV RI KHLJKW UHVROXWLRQ
DV ZHOO DV PRYLQJ YHKLFOHV :H DJDLQ JHQHUDWHG JURXQG WUXWK
DW D UDWH RI  +] FRYHULQJ DSSUR[LPDWHO\  LQVWDQFHV RI
 XQLTXH SHGHVWULDQV
$ 'HWHFWLRQ
7KH RXWSXW RI WKH PRYLQJ SHUVRQ GHWHFWLRQ DOJRULWKP GH
SHQGV XSRQ WKUHH WKUHVKROG YDOXHV FRUUHVSRQGLQJ WR WKH WKUHH
FULWHULD IRU GHWHFWLRQ GHVFULEHG LQ 6HFWLRQ ,,$ 9DU\LQJ WKHVH
WKUHVKROG YDOXHV DIIHFWV ERWK WKH SUREDELOLW\ RI GHWHFWLRQ 3'
DQG WKH IDOVH SRVLWLYH UDWH )35 7KHUHIRUH ZH FRQGXFWHG
D SDUDPHWHU VZHHSV IRU WKH LQGRRU DQG RXWGRRU VXUYHLOODQFH
YLGHR WR ILQG WKUHVKROG YDOXHV WKDW \LHOGHG WKH EHVW GHWHFWLRQ
SHUIRUPDQFH XVLQJ WKH JURXQG WUXWK GDWD GHVFULEHG DERYH WR
HYDOXDWH 3' DQG )35 PHWULFV )RU HDFK SHUVRQ SDVVLQJ WKURXJK
WKH UHJLRQ RI LQWHUHVW ZH FRXQWHG D FRUUHFW GHWHFWLRQ LI WKH
DOJRULWKP IODJJHG WKDW SHUVRQ LQ DW OHDVW RQH DQDO\]HG IUDPH
RI YLGHR 2Q WKH RWKHU KDQG ZH FRXQWHG DQ\ GHWHFWLRQ WKDW
GLG QRW FRUUHVSRQG WR DQ HQWLUH SHUVRQ DV D IDOVH SRVLWLYH
7DEOH , VKRZV 3' DQG )35 IRU WKH VHOHFWHG GHWHFWLRQ WKUHVK
ROGV RI HDFK GDWDVHW 7KH DOJRULWKP DFKLHYHG WKH EHVW UHVXOWV RQ
WKH LQGRRU DLUSRUW YLGHR GHWHFWLQJ DQ LQVWDQFH RI DOPRVW HYHU\
SHGHVWULDQ ZKLOH SXOOLQJ LQ IDOVH SRVLWLYHV DW D UHODWLYHO\ ORZ
UDWH VR WKDW WKH\ FRQVWLWXWH D VPDOO SHUFHQWDJH RI UHFRUGV LQ WKH
GHWHFWLRQ GDWDEDVH 7KH RXWGRRU VFHQH SURYHG PRUH GLIILFXOW
IRU VHYHUDO UHDVRQV 6RPH RI WKH PLVVHG GHWHFWLRQV ZHUH
IURP SHGHVWULDQV ZKR QHYHU FRPSOHWHO\ HQWHU WKH VFHQH EHIRUH
7$%/( ,
029,1* 3(5621 '(7(&7,21 3(5)250$1&(
9LGHR GDWD 3' )35
$LUSRUW LQGRRU   SHU VHF
/DZ HQIRUFHPHQW RXWGRRU   SHU VHF
H[LWLQJ RU ZKR DSSHDU SDUWLDOO\ RFFOXGHG EHKLQG YHKLFOHV ,Q
DGGLWLRQ PRVW RI WKH IDOVH SRVLWLYHV ZHUH JHQHUDWHG E\ SDUWV RI
PRYLQJ YHKLFOHV RU E\ WUHHV EORZLQJ LQ WKH ZLQG FOXWWHU ZKLFK
LV QRW SUHVHQW LQ WKH LQGRRU VFHQH 2YHUDOO ZH IRXQG WKDW WKH
GHWHFWLRQ SURFHVV VXSSRUWV JRRG VHDUFK FDSDELOLW\ HVSHFLDOO\
ZKHQ WKH YLGHR FDSWXUHV D FRPSOHWH YLHZ RI WKH VXEMHFW EXW
WKDW WKH SHUIRUPDQFH GHSHQGV KHDYLO\ RQ WKH FKDUDFWHULVWLFV RI
WKH VFHQH
% $SSHDUDQFH 0RGHO
7KH SUREDELOLVWLF DSSHDUDQFH PRGHO LV D PHFKDQLVP WR VFRUH
WKH OLNHOLKRRG WKDW HDFK LPDJH FKLS GHSLFWV D SHUVRQ ZLWK WKH
VSHFLILHG DWWULEXWH VHW :KHQ WKH PRGHO IXQFWLRQV FRUUHFWO\ DOO
H[DPSOHV RI SHUVRQV PDWFKLQJ WKH SURYLGHG GHVFULSWLRQ ZLOO
DSSHDU DW WKH WRS RI WKH PDWFK OLVW ZKLFK LV UDQNHG LQ RUGHU
RI GHVFHQGLQJ OLNHOLKRRG VFRUHV 7R WHVW WKH SHUIRUPDQFH RI
WKH PRGHO ZH UDQ PXOWLSOH VDPSOH VHDUFKHV RYHU WKH SRUWLRQ
RI YLGHR IRU ZKLFK ZH KDG JURXQG WUXWK ODEHOV 7KH DWWULEXWH
SURILOHV IRU HDFK RI HOHYHQ WHVW VHDUFKHV DUH OLVWHG LQ WKH
OHJHQG RI )LJXUH  WKHVH ZHUH VHOHFWHG DUELWUDULO\ E\ WDNLQJ
GHVFULSWLRQV IURP WKH JURXQG WUXWK ODEHOV WKDW PDWFKHG RQH
RU PRUH SHUVRQV ZKR DSSHDUHG ZLWKLQ WKH YLGHR H[FOXGLQJ
JHQGHU ZKLFK ZDV WHVWHG VHSDUDWHO\
)RU HDFK WHVW VHDUFK ZH JHQHUDWHG D SHUIRUPDQFH FXUYH
E\ YDU\LQJ WKH QXPEHU RI WRS VHDUFK UHVXOWV UHWXUQHG E\ WKH
VHDUFK $GGLQJ WR WKH QXPEHU RI UHVXOWV LQFUHDVHV WKH FKDQFH
RI ILQGLQJ DOO WUXH PDWFKHV EXW LW DOVR LQFUHDVHV WKH RFFXUUHQFH
RI IDOVH SRVLWLYHV 7KH \D[LV LQ )LJXUH  SORWV WKH UHFDOO RU
WKH SHUFHQWDJH RI DOO WUXH PDWFKHV UHWXUQHG E\ WKH VHDUFK
ZKLOH WKH [D[LV SORWV WKH QXPEHU RI UHWXUQHG IDOVH SRVLWLYHV
QRUPDOL]HG E\ WKH WRWDO QXPEHU RI IDOVH SRVLWLYH LQGLYLGXDOV
LQ WKH GDWDEDVH 1RWH WKDW E\ WKHVH PHWULFV DQ DOJRULWKP WKDW
DVVLJQHG UDQGRP PDWFK VFRUHV WR LPDJH FKLSV ZRXOG KDYH DQ
H[SHFWHG WUDGHRII UHSUHVHQWHG E\ WKH GRWWHG OLQH LQ )LJXUH 
$V H[SHFWHG DOO VHDUFK UHVXOWV XVLQJ WKH SURSRVHG PRGHO
SHUIRUP VLJQLILFDQWO\ EHWWHU WKDQ WKH UDQGRPVFRULQJ EDVHOLQH
+RZHYHU WKHUH LV QRWLFHDEOH YDULDWLRQ LQ HUURU UDWHV GHSHQGLQJ
RQ WKH SDUWLFXODU DWWULEXWH VHW )LYH RI WKH HOHYHQ VDPSOH
VHDUFKHV UHSUHVHQWHG E\ WKH UHG OLQH LQ )LJXUH  IRXQG DOO
WUXH PDWFKHV EHIRUH UHWXUQLQJ DQ\ IDOVH SRVLWLYHV 2WKHU VDPSOH
VHDUFKHV UHWXUQHG PXOWLSOH IDOVH SRVLWLYHV EHIRUH UHFRYHULQJ DOO
PDWFKHV 7KH PRUH VSHFLI F VHDUFK TXHULHV HVSHFLDOO\ WKRVH
ZLWK RQO\ RQH WUXH PDWFK DPRQJ DOO SHGHVWULDQV WHQG WR
VKRZ EHWWHU UHVXOWV EHFDXVH WKHVH SURILOHV FRQWDLQ WKH PRVW
GLVFULPLQDWLQJ LQIRUPDWLRQ 2Q WKH RWKHU KDQG PRUH JHQHULF
GHVFULSWLRQV VHHP WR SXOO LQ VRPH IDOVH SRVLWLYHV DORQJ ZLWK
DOO RI WKH WUXH SRVLWLYHV
)LQDOO\ ZH DOVR HYDOXDWHG WKH DFFXUDF\ RI WKH JHQGHU
FODVVLILHU E\ WHVWLQJ LW RQ PXOWLSOH VXUYHLOODQFH GDWDVHWV :H
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Red and white torso / black pants
Black and tan torso / blue pants
Blue torso / black pants
White hair or hat / red torso
White torso / black pants
Brown torso / blue pants
Blond hair / black torso
Yellow torso / black pants / blue bag
Brown & white torso / blue pants / black bag
Brown torso / tan pants
Orange torso / black pants
Random selection
)LJ  3HUIRUPDQFH FXUYHV IRU HOHYHQ VDPSOH DWWULEXWHEDVHG VHDUFKHV
&XUYHV SORW UHFDOO \D[LV YV QRUPDOL]HG IDOVH SRVLWLYHV [D[LV 7KH GRWWHG
OLQH UHSUHVHQWV H[SHFWHG SHUIRUPDQFH RI D UDQGRP VHOHFWLRQ VHDUFK DOJRULWKP
7KH ILUVW ILYH VHDUFKHV LQ WKH OHJHQG KDYH FRPSOHWHO\ DFFXUDWH VHDUFK UHVXOWV
PHDVXUHG FRUUHFW FODVVLILFDWLRQ UDWHV UDQJLQJ IURP  WR
 :KLOH WKHVH UHVXOWV DUH IDU IURP SHUIHFW ZKHQ XVHG LQ
FRPELQDWLRQ ZLWK VWURQJHU DWWULEXWH FXHV WKH FODVVLILHU GRHV
WHQG WR PRYH PRUH PDWFKHV ZLWK WKH VSHFLILHG JHQGHU WRZDUG
WKH WRS RI WKH PDWFK OLVW 7KLV LQGLFDWHV WKDW LW PD\ DOVR EH
XVHIXO WR LQFOXGH RWKHU ³ZHDN´ FODVVLILHUV EDVHG RQ FRQWRXU
DQDO\VLV VXFK DV KHLJKW RU ERG\ IUDPH LQIRUPDWLRQ
9 ',6&866,21
7KH VHDUFK FDSDELOLWLHV GHVFULEHG LQ WKLV SDSHU SURYLGH
D XVHIXO ZD\ IRU VHFXULW\ SHUVRQQHO RU LQYHVWLJDWRUV WR VLIW
WKURXJK ODUJH TXDQWLWLHV RI YLGHR GDWD WR ILQG D SDUWLFXODU
SHUVRQRILQWHUHVW JLYHQ D UHFHQW REVHUYDWLRQ RU ZLWQHVV UHSRUW
GHVFULELQJ WKDW SHUVRQ 7KLV FDSDELOLW\ PD\ EH DSSOLHG LQ
WZR GLIIHUHQW PRGHV WR SHUIRUP UHDOWLPH PRQLWRULQJ IRU DQ\
SHUVRQV WKDW PDWFK DQ DWWULEXWH SURI OH HJ DW DOO HQWU\ZD\V WR
D IDFLOLW\ RU WR SHUIRUP IRUHQVLF VHDUFKHV RYHU DUFKLYHG YLGHR
GDWD ,Q WKLV ZD\ WKH VHDUFK WRRO SURYLGHV WKH RSHUDWRU ZLWK D
QXPEHU RI OHDGV WR SRWHQWLDOO\ YDOXDEOH DQG HDVLO\ DFFHVVLEOH
YLGHR FRQWHQW
+RZHYHU WKH SHUIRUPDQFH RI WKH VHDUFK DOJRULWKP FHUWDLQO\
GHSHQGV RQ ERWK WKH TXDOLW\ RI WKH UHFRUGHG YLGHR HVSHFLDOO\
WKH UHVROXWLRQ DQG ORRN DQJOH DQG WKH FKDUDFWHULVWLFV RI WKH
HQYLURQPHQW XQGHU VXUYHLOODQFH )RU LQVWDQFH RXWGRRU YLHZV
RI VWUHHW LQWHUVHFWLRQV VHHP WR SUHVHQW PRUH FKDOOHQJHV WKDQ
UHODWLYHO\ FRQWUROOHG LQGRRU VHWWLQJV WKHUH DUH PRUH VRXUFHV
RI PRWLRQ VXFK DV YHKLFOHV DQG WUHHV EORZLQJ LQ WKH ZLQG
LQ DGGLWLRQ WR PRUH YDULDWLRQ LQ LOOXPLQDWLRQ FRQGLWLRQV GXH WR
QDWXUDO OLJKW FKDQJHV DQG EXLOGLQJ VKDGRZV $QRWKHU LPSRUWDQW
IDFWRU LV FURZG GHQVLW\ $ W\SLFDO VXEMHFW LQ DQ\ JLYHQ IUDPH
RI YLGHR HYDOXDWHG LQ WKLV ZRUN KDV D KLJK OLNHOLKRRG RI DW
OHDVW VRPH W\SH RI SDUWLDO RFFOXVLRQ IURP RWKHU PRYHUV RU
VWDWLF REMHFWV KRZHYHU WKH YLGHR GDWDVHW GRHV QRW FRQWDLQ VROLG
PDVVHV RI SHRSOH ZKLFK ZRXOG PDNH VXFFHVVIXO GHWHFWLRQ DQG
DQDO\VLV PXFK PRUH GLIILFXOW ,Q DGGLWLRQ GLIIHUHQW ORFDWLRQV
PD\ H[KLELW VXIILFLHQWO\ GLIIHUHQW FORWKLQJ VW\OHV WR GHJUDGH WKH
DFFXUDF\ RI WKH SUREDELOLVWLF DSSHDUDQFH PRGHO :KHQ WKLV LV
WKH FDVH WKH PRGHO PD\ EH UHWUDLQHG GLUHFWO\ RQ QHZ DQG
PRUH UHSUHVHQWDWLYH VDPSOH GDWD
:H KDYH FRQVLGHUHG VHYHUDO H[WHQVLRQV WR WKLV ZRUN )HHG
EDFN IURP HQG XVHUV LQGLFDWHV WKDW LW ZRXOG EH XVHIXO WR H[WHQG
WKH VHDUFK FDSDELOLWLHV WR YHKLFOH GHVFULSWLRQV DW WKH OHYHO RI
FRORU DQG JHQHULF W\SH VHGDQ WUXFN 689 HWF ,W ZRXOG DOVR
EH DGYDQWDJHRXV WR VHDUFK RYHU PRWLRQ RU DFWLRQ SULPLWLYHV
VXFK DV D SHUVRQ UXQQLQJ LQ D VSHFLI HG GLUHFWLRQ RU D SHUVRQ
HQWHULQJ RU H[LWLQJ D YHKLFOH )LQDOO\ ZH KDYH EHHQ ZRUNLQJ
RQ LQWHJUDWLQJ WKH VHDUFK FDSDELOLWLHV LQWR D PRUH JHQHUDO
VLWXDWLRQDO DZDUHQHVV WRRO IRU VHFXULW\ DQG LQYHVWLJDWLRQ ZKLFK
ZLOO DOORZ PXOWLSOH XVHUV WR DFFHVV YLGHR DQG SHUIRUP DQG
VKDUH FRQWHQW VHDUFKHV RYHU D ZHEEDVHG LQWHUIDFH
$&.12:/('*0(176
7KLV ZRUN ZDV SDUWLDOO\ VSRQVRUHG E\ -DODO 0DSDU DW WKH
'HSDUWPHQW RI +RPHODQG 6HFXULW\ 6FLHQFH DQG 7HFKQRORJ\
'LUHFWRUDWH
5()(5(1&(6
>@ - 9ODKRV ³6XUYHLOODQFH VRFLHW\ 1HZ KLJKWHFK FDPHUDV DUH ZDWFKLQJ
\RX´ 3RSXODU 0HFKDQLFV -DQXDU\ 
>@ 1 *DJYDQL ³&KDOOHQJHV LQ YLGHR DQDO\WLFV´ LQ $GYDQFHV LQ 3DWWHUQ
5HFRJQLWLRQ (PEHGGHG &RPSXWHU 9LVLRQ  FK  SS ±
>@ - %R\G DQG - /LWWOH ³%LRPHWULF JDLW UHFRJQLWLRQ´ LQ $GYDQFHG 6WXGLHV
LQ %LRPHWULFV 5HYLVHG 6HOHFWHG /HFWXUHV DQG 3DSHUV VHU /HFWXUH 1RWHV
LQ &RPSXWHU 6FLHQFH 0 7LVWDUHOOL - %LJXQ DQG ( *URVVR (GV 
YRO  SS ±
>@ 3 3KLOOLSV 3 )O\QQ 7 6FUXJJV . %RZ\HU - &KDQJ . +RIIPDQ
- 0DUTXHV - 0LQ DQG : :RUHN ³2YHUYLHZ RI WKH IDFH UHFRJQLWLRQ
JUDQG FKDOOHQJH´ LQ 3URFHHGLQJV RI ,((( &RQIHUHQFH RQ &RPSXWHU
9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ 
>@ 3 3KLOOLSV ³2YHUYLHZ RI WKH PXOWLSOH ELRPHWULF JUDQG FKDOOHQJH
YHUVLRQ ´ LQ 0%*& :RUNVKRS 'HFHPEHU  >2QOLQH@ $YDLODEOH
KWWSZZZQLVWJRYLWOLDGLJPEJFSUHVHQWDWLRQVFIP
>@ ²² ³0EJF VWLOO IDFH FKDOOHQJH YHUVLRQ  SUHOLPLQDU\ UHVXOWV´
LQ 0%*& :RUNVKRS 'HFHPEHU  >2QOLQH@ $YDLODEOH
KWWSZZZQLVWJRYLWOLDGLJPEJFSUHVHQWDWLRQVFIP
>@ ' 9DTXHUR 5 )HULV ' 7UDQ / %URZQ $ +DPSDSXU DQG 0 7XUN
³$WWULEXWHEDVHG SHRSOH VHDUFK LQ VXUYHLOODQFH HQYLURQPHQWV´ LQ 3UR
FHHGLQJV RI ,((( :RUNVKRS RQ $SSOLFDWLRQV RI &RPSXWHU 9LVLRQ 
>@ 0 'HPLUNXV . *DUJ DQG 6 *XOHU ³$XWRPDWHG SHUVRQ FDWHJRUL]DWLRQ
IRU YLGHR VXUYHLOODQFH XVLQJ VRIW ELRPHWULFV´ LQ 3URFHHGLQJV RI 63,(
%LRPHWULF 7HFKQRORJ\ IRU +XPDQ ,GHQWLI FDWLRQ 9,, 
>@ 1 'DODO DQG % 7ULJJV ³+LVWRJUDPV RI RULHQWHG JUDGLHQWV IRU KXPDQ
GHWHFWLRQ´ LQ 3URFHHGLQJV RI ,((( &RQIHUHQFH RQ &RPSXWHU 9LVLRQ DQG
3DWWHUQ 5HFRJQLWLRQ 
>@ ; /LX 3 7X - 5LWWVFKHU $ 3HUHUD DQG 1 .UDKQVWRHYHU ³'HWHFWLQJ
DQG FRXQWLQJ SHRSOH LQ VXUYHLOODQFH DSSOLFDWLRQV´ LQ ,((( &RQIHUHQFH
RQ $GYDQFHG 9LGHR DQG 6LJQDO %DVHG 6XUYHLOODQFH 
>@ & 6WDXIIHU DQG : *ULPVRQ ³$GDSWLYH EDFNJURXQG PL[WXUH PRGHOV IRU
UHDOWLPH WUDFNLQJ´ LQ 3URFHHGLQJV RI ,((( &RQIHUHQFH RQ &RPSXWHU
9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ 
>@ * 'DOOH\ ³,PSURYHG UREXVWQHVV DQG HIILFLHQF\ IRU DXWRPDWLF YLVXDO VLWH
PRQLWRULQJ´ 3K' GLVVHUWDWLRQ 0DVVDFKXVHWWV ,QVWLWXWH RI 7HFKQRORJ\
'HSW RI (OHFWULFDO (QJLQHHULQJ DQG &RPSXWHU 6FLHQFH 
>@ ' %OHL $ 1J DQG 0 -RUGDQ ³/DWHQW 'LULFKOHW DOORFDWLRQ´ -RXUQDO RI
0DFKLQH /HDUQLQJ 5HVHDUFK YRO  SS ± -DQXDU\ 
>@ - +XDQJ 4 0RUULV DQG % )UH\ ³,WHUDWHG FRQGLWLRQDO PRGHV IRU FURVV
K\EULGL]DWLRQ FRPSHQVDWLRQ LQ '1$ PLFURDUUD\ GDWD´ 8QLYHUVLW\ RI
7RURQWR 7HFK 5HS 
>@ . 6DJH $ 1LOVNL DQG , 6LOOHWW ³/DWHVW GHYHORSPHQWV LQ WKH LOLGV
SHUIRUPDQFH VWDQGDUG 1HZ LPDJLQJ PRGDOLWLHV´ ,((( $HURVSDFH DQG
(OHFWURQLF V\VWHPV 0DJD]LQH YRO  -XO\ 
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